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Protect ion Branch Report o f  Test No. 3-68 
Evaluation o f  Two NASA Bio log ica l  I s o l a t i o n  Garments 
An evaluat ion o f  two Bio log ica l  I s o l a t i o n  Garments ( B I G ) * -  1/ 
submitted by NASA Manned 
completed using aerosols o f  8 .  s u b t i l i s  var n iqer  spores. This garment 
i s  a one-piece s u i t  fabr icated from permeable l'Barbacl'* c l o t h  and 
contains a zippered closure extending diagonal ly from the crotch across 
the l e f t  chest and curving over the l e f t  ear t o  the top o f  the head 
(Fig. 1 ) .  A p ro tec t i ve  mask wi.th E+ fu l l . -width v i so r  i s  enclosed w i t h i n  
the s u i t  except f o r  dual aerosol canisters which can be attached or  
detached from the exterior,. . A one-piece s u i t  o f  cot ton underwear i s  
worn under the garment. The B I G  w i l l  be donned by a re turn ing lunar 
astronaut immediately a f t e r  h i s  e x i t  from the space cgpsule i n  order t o  
i s o l a t e  h i m  and thereby r e s t r a i n  any lunar microorganisms on h i s  body 
from contaminating the ear th 's  atmosphere. As stated i n  an informal 
communication from NASA dated 26 October 1967, the design speci f ' icat ions 
f o r  the B I G  requi re  a minimum res t ra in ing  c a p a b i l i t y  o f  98% o f  p a r t i c l e s  
having a diameter o f  0.45~. 
pacecLaft Center, Houston, T G s , .  has been 
Two t e s t  methods were employed t o  evaluate the B I G .  The s.tandard 
p ro tec t i ve  c l o t h i n g  t e s t  method developed and used by Protect ion Branch 
quant i tates the number o f  microor.ganisms pehetrat ing 4 pro tec t i ve  s u i t  
o r  garment from the outside t o  the wearer on the inside. However, be- 
cause the B I G  w i l l  be worn t o  prevent microorganisms on the subject 
from penetrat ing the s u i t  from the inside t o  the outside, the reverse 
si tuat ion,  a new method described i n  Phase I below, was devised t o  
evaluate the garment s imulat ing i t s  actual use. As a confirmatory5 test, 
the standard method, as described i n  Phase 11, was a l so  used. 
PHASE I 
Ten mill- igrams o f  d r i ed  1. s u b t i l  i s  var \nirler spores (6 x 10 8 
spores per mg) were placed i n  small p l a s t i c  p i l l  v i a l s  containtng f i v e  
grams o f  diatomaceous earth. The v i a l s  were capped and the contents 
thoroughly mixed. 
- B. s u b t i l i s  var n iger  spores (NMD la&) was used as the t e s t  agent i n  
The r e s u l t i n g  mixture, containing a t o t a l  o f  6 x 109 
ik Angelica Uniform Go., S t .  Louis, Mo. 
the Phase I tests.  Two v i a l s  were taped i n - a n  inverted p o s i t i o n  t o  the 
underwear of each o f  two subjects, one over the l e f t  col larbone as shown 
i n  Fig. 2, a'nd the other t o  the rear o f  the r i g h t  h ip.  
The B I G  was then donned according t o  the speci f ied NASA procedure 
and each subject entered a small a i r l o c k  about the s i ze  af -a sta l l  
shower (32 x 40 x 84 inches) (Fig. 3). Upon a s i g  
operator, the subjects f 1 i p  'the caps from the p l  
releasing the bac te r ia l  spo inside t h e i r  respec 
por tab le Staplex* a i r  sampler con n ing Chemical Corps Type 
paper as the sampling me d i n  each air lock,  was i 
star ted and the a i r  i n  e ck was continuously sampled 
o f  50 cfm. The sampler a l s o  serves t o  rec i r cu la te  the a i r  inside the 
t e s t  plenum. 
a i r  every 1.25 minutes. P r i o r  t o  each t e s t  the a i r  in the t e s t  plenum 
was r e c i  rculated through a co l  l e c t  ive protector  (Fig. 3) 
HEPA f i l t e r s  t o  remove a l l  the airborne organisms. 
Such a h igh ra te  assured a complete sampling o f  the plenum 
For 20 o f  each 30 minutes the subjects were i n  the a i r 1  
exercised t o  simulate l i g h t  a c t i v i t y .  The exercise rout ine 
in the fo l l ow ing  order; (1) half-knee bend; (2) ra i se  shoulders; (3)  
extend each leg sideways; .and (4) raise-hands over head. Afger ' the 
test, the Type 5 paper was a s e p t i c a l l y  removed from the Staplex sampler 
and assayed ' to quan t i t a te  the number o f  spores col lected. 
a i  rlocks, the B I G ,  and underwear were thoroughly decontaminated p r i o r  
Because the 
t o  each test, the only p w s i b l e  source o f  4. s u b t i l i s  var _niqer spores 
i n  the a i r l o c k  was from the uncapp.ed v i a l s  inside the s u i t .  The out-  
ward penetrat ion was reported a s ' i h e  percent of the total number o f  
spores released inside the s u i t  which were co l lected on the Type 5 
paper i n  the sampler. 
PHASE 11. 
The standard method employed a t  Fo r t  D e t r i c k  f o r  the.eva1uation 
of p ro tec t i ve  s u i t s  uses cotton t w i l l  rectangular patches (3 cm* area) 
t o  sample the number o f  aerosol ized spores deposited on the surface o f  
the s u i t  o r  on the i ns ide  c lo th ing  surfaces. These c l o t h  
attached t o  a 3-inch s t r i p  o f  &-inch double-coated pressur 
tape which are e a s i l y  attached and removed asep t i ca l l y  from 
9; The Staplex Co., New York, N.Y. 
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outside And the i ns ide  layers o f  t e s t  c lo th ing.  
were taped on both the underwear (Fig. 4) and B I G  (Fig. 5) i n  the same 
16 anatomical areas as diagrammed in  Fig.  6. 
S t e r i l e  patch samplers 
The man chambe.r t es t  f a c i l i t y  (Fig. 7) f o r  exposing human subjects 
t o  simulant aerosols-was used f o  s evaluation. The subjects were 
exposed t o  an aerosol o f  4. pores (NMD-1 
t e s t  chamber, a room 16 x 9 
chamber a re  three small roo ocks, (The underwear 
was donned and the inner gatchsamplers taped i n  place i n  a i r l o c k  1. 
I n  a i r l o c k  2, the B I G  was donned and the outer patch samplers were 
attached). The complete t e s t  f a c i l i t y ,  which a l s o  includes a shower 
room and dressing room, i s  equipped w i t h  a h i g h l y  e f f i c i e n t  f i l t e r e d  
a i r  c i r c u l a t i o n  system that  enables the exposure chamber t o  be. main- 
ta ined under reduced a i r  pressure i n  r e l a t i o n  t o  the a i r locks.  This 
pressur izat ion system i s  designed t o  prevent t e s t  chamber a i r  from 
escaping i n t o  the other rooms o f  the tes t  f a c i l i t y .  The system i s  a lso 
designed t o  permit one t o  two a i r  changes per minute i n  the a i r l o c k s  
f o r  rap id displacement o f  any b i o l o g i c a l l y  contaminated a i r  w i t h  clean 
a i r .  
pposi te sides 
The two t e s t  subjects remained i n  the chamber f o r  one hour and 
performed the same exercises as in,Phase I,. above, dur ing 20 minutes 
o f  t h i s  time. 
exposure period, they entered a i r l o c k  4 where the outer ldysr  o f  patch 
samplers were removed. 
subjects entered a i r l o c k  5 where the inner layer o f  patch samplers were 
removed. A f t e r  the subjects doffed t h e i r  underwear, they showered 
thoroughly. 
The temperature i n  the chamher ranged from 65 t o  70" F 
ive humidity from 40 t o  50%. Upon completion of the 
Each B I G  was then c a r e f u l l y  removed and the 
Immediately upon removal from the clothing, the patch samplers WQS- 
placed i n  a s t e r i l e  d i s h  f o r  t rans fe r  t o  the laboratory, There,reakh 
3 cm2 c l o t h  patch was separated from the tape, placed i n  a known volume 
o f  s t e r i l e  d i s t i l l e d  water, and b i o l o g i c a l l y  assayed' t o  determine the 
number of spores col lected. The B I G  penetrat ion i s  reported on the 
basis o f  the average number of spores reaching the inner (underwear) 
patches as opposed t o  the average number co l lected on the outer ( B I G )  
patches . 
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RESULTS AND DISCUSSION * 
As stated above, the B I G  was des 
(or, conversely, t o  permi 
organisms having a p a r t i c  
wearing period. Because if ied wearing 
penetrat ion f o r  each garment a t  both t e s t  
t o  represent a 2-hour period. As shown i 
t r a t i o n  was considerably less than 2% a t  
and 1.21.1 p a r t i c u l a t e  aerosols. 
Ideal ly,  because B I G  was s p e c i f i c a l l y  designed t o  r e s t r a i n  
0 . 4 5 ~  par t ic les,  a tes 
been used. However, n u i t a b l e  b io log i ca l  simulant of  t h i s  
s i ze  i s  avai lable.  B. s u b t i l i s  var niqer was selected as t heagen t  
ce r ta in  t o  y i e l d  the-best resu l t s  although the p a r t i c l e  sizes used 
(NMD 1 . 8 ~  and 1 . 2 ~ )  are s l i g h t l y  larger  than that  desired. Past t e s t  
resu l t s  show tha t  when f i l t e r  media .are evaluated using a 11.1 aerosol 
,,@.-subti1 i s  var n iger  spores) and a 0 . 1 ~  aerosol (T1 bacteriophage), 
the percent penetra ion d i f f e rence  i s  r e l a t i v e l y  small. For example, 
Harstad and F i  1 l e r  i/ recent ly reported t h a t  the comparative leakages 
o f  a glass f i b e r  f i l t e r  mater ia l  when tested a t  a l i n e a r  v e l o c i t y  o f  
5 - f t  per minute are 0.16% fo r  spores and 0.47% f o r  phage, a 3 - fo ld  
di f ference. Therefore, i f  the over-a l l  extr.apolated meqns f o r  the 
outward and inward B I G  penetrat ions (2 hour exposure t o  a 1~ aerosol) 
as given i n  Table I, are m u l t i p l i e d  by a f a c t o r  o f  3, the r e s u l t i n g  
theoret ica l  penetrat ions f o r  a 0- lp  aerosol would be .855”k - outward 
and 1.96% - inward. Because these theo re t i ca l  aver.age penetrat ions 
f o r  a 0 . 1 ~  p a r t i c l e  s i z e  aerosol do not exceed the speci f ied l i m i t  o f  
2% penetrat ion (98% res t ra in ing  capabi l i ty ) ,  it i s  reasonable t o  assume 
tha t  comparable penetrat ions f o r  a larger p a r t i c l e  size, 0 . 4 5 ~ ~  w i l l  
also be less than 2%. I n  f a c t  the outward and inward penetrat ion 
values undoubtedly would both be considerably smaller i f  a 0 . 4 5 ~  t e s t  
aerosol had been used. 
rganism w i t h  t h i s  p a r t i c l e  s ize shou 
Although q u i t e  d i f f e r e n t  t e s t  techniques were used t o  measure 
inward and outward penetrat ion o f  the t e s t  garments, one a long 
establ ished technique i n  t h i s  laboratory and the other devised f o r  
t h i s  p a r t i c u l a r  test, the resul ts  were remarkably close. Since j t  i s  
not too unreasonable t o  bel ieve tha t  bac te r ia l  spores would penetrate 
the garment i n  both d i rec t i ons  w i t h  equal ease, the f a c t  tha t  the data 
4 
0-tained using tile new technique matched so c,;>sely those for the 
established techniques gives added confidence to them. 
CONCLUSIONS 
Two NASA Biolagical Isolation G rments (BIG) evaluated on 
human subjects were found to restrai more than 99% of an aerosol 
of E. subtilis var niger spores (NMD - 1 . 8 ~  and 1.2~) as measured 
using two different test techniques. Data extrapolations show 
particles during a 2-hour wearing pe Th es for 
0.45~ particles shoul fall between Per nse- 
quently we consider that the BIG meets the design specification 
for a restraining capability of at least 98% o f  0.45~ particles 
for a 2-hour period. 
that the BIG would be expected to re mo f 0.1v 
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Table I. 
Penetration of Two NASA Biological Isolation Garments 
I .034* .5 583& 142* .368* 
Meant .241 .865 328 0 443 
Over-all Meant (Garments I and 11) 
% Outward Penetration - ,285; % Inward Penetration - .654 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Notes: 
3; 30 minute exposure 
60 minute exposure 
2 ° C  45 minute exposure (subject ced to quit test 
difficulty) 
t Each mean was lineraly extrapolated from test results to represent a 
2-hour exposure period. 
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Figure 1 .  Subject wearing B I G  
Figure 2 .  Subject with emptied 
spore dust container ( a f t e r  t e s t )  
Figure 3. Subject enter ing  
a i r l o c k  f o r  Phase I test 
Figure 4 .  Subject with 
inner layer  patch samplers 
Figure 5 .  Subject wi th  
outer layer patch samplers 
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Figure 6. AUATOMICAL SAMPL ING ARE-AS 
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